Pruitt, I969; Lasser, Haft, and Friedberg, I968). Kulbertus, Coyne, and Hallidie-Smith (I969) documented the occurrence of left axis deviation with right bundle-branch block before and after surgical closure of ventricular septal defect. They suggested that the prognosis of these conduction abnormalities might be unfavourable. The present report concerns our experience with this combination of conduction disturbances after closure of ventricular septal defects and after total correction of cyanotic tetralogy of Fallot.
Combined left anterior hemiblock and right bundle-branch block after surgical closure of ventricular septal defects and correction of tetralogy of Fallot is evaluated in 240 patients. It was found that 7 of IO9 patients or 6-4 per cent with ventricular septal defect and I4 of I3I patients or IO-7 per cent with tetralogy of Fallot developed this combination of conduction disturbances as a consequence of intracardiac operations. All patients are alive and completely asymptomatic i to 1O years after operation. No serious side effects have occurred except for transient heart block in the immediate postoperative period in 2 patients. The immediate prognosis is good for combined left anterior hemiblock and right bundle-branch block in children after surgical correction of these two types of congenital cardiac defects. The ultimate outlook, however, can be determined only after many more years of observation.
The prognostic importance of combined left axis deviation and right bundle-branch block has been emphasized recently (Watt and Pruitt, I969; Lasser, Haft, and Friedberg, I968). Kulbertus, Coyne, and Hallidie-Smith (I969) documented the occurrence of left axis deviation with right bundle-branch block before and after surgical closure of ventricular septal defect. They suggested that the prognosis of these conduction abnormalities might be unfavourable. The present report concerns our experience with this combination of conduction disturbances after closure of ventricular septal defects and after total correction of cyanotic tetralogy of Fallot.
Material and methods
One hundred and nine patients with isolated ventricular septal defects who underwent surgical closure and I31 patients who had total correction of tetralogy of Fallot were studied for the occurrence of combined left axis deviation and right bundle-branch block postoperatively. Their ages ranged from 2 to i8 years. Cases with preoperative evidence of left axis deviation or right bundlebranch block were excluded. Thus, patients who had partial or complete atrioventricular canals or ventricular septal defects of the atrioventricular canal type were not included in this study. Electrocardiograms were available before and serially after the operation in all patients. In io patients preoperative vectorcardiograms were available, and postoperative vectorcardiograms were available on all except one patient. The Frank system was used for recording the vectorcardiograms.
Left axis deviation was considered to be present if the frontal plane axis was less than o0. Since we were dealing with the paediatric age group, we modified the criteria of Grant (1956) and followed more closely those of Guntheroth (I965) who considers a frontal plane axis of less than o0 in children, to be left axis deviation. Right bundlebranch block was present when the duration of the QRS was O I0 sec or longer and when a prominent R prime of o0o4 sec or more was present in the right praecordial leads. No separation was made between complete and incomplete right bundle-branch block. The clinical spectrum of the patients with ventricular septal defect varied widely (Table I) . Three children had congestive cardiac failure during the first year of life because of large defects which, just before surgical correction, were associated with severe pulmonary hypertension and large pulmonary blood flows. Three other patients had moderate to large pulmonary blood flows with normal pulmonary arterial pressures. The remaining child had moderate hyperkinetic pulmonary hypertension. None of the patients had pulmonary arterial banding during infancy, and closure of the defect was undertaken between the ages of 3 and 8 years. The defect was approached via a right ventriculotomy in 6 patients. In one the right atrium was opened and the vengroup.bmj.com on October 30, 2017 -Published by http://heart.bmj.com/ Downloaded from 264 Downing, Kaplan, and Bove Postslurgical left anterior hemiblock and right bundle-branch block 265 was systemic in all instances and the shunt across the ventricular septal defect was bidirectional or exclusively from right to left. The aorta arose in part from the right ventricle, but fibrous continuity of the mitral and aortic valves was maintained. Some of the clinical features of these patients are shown in Table 2 . Seven patients underwent palliative aortic-pulmonary shunts before corrective surgery. The latter was undertaken between the ages of 3 and i8 years. At corrective surgery previous Blalock and Potts' shunts were obliterated. All patients had a right ventriculotomy and the ventricular septal defect was closed with a Teflon patch. Infundibular resection was required in all instances. The right ventricular outflow was reconstructed with a pericardial patch in 9 patients. In 3 of these patients (Cases I4, I5, and I7, Table 2), the pulmonary valve ring was divided so that the pericardial patch extended from the right ventricular outflow to near the bifurcation of the pulmonary artery.
Results
Of the total of 240 patients studied, 2I met the electrocardiographic criteria to be included in this report. Fourteen had tetralogy of Fallot, and 7 had isolated ventricular septal defect. Thus, I4 of I3I patients or I0-7 per cent with tetralogy of Fallot and 7 of I09 patients or 6-4 per cent with ventricular septal defect who had normal or right axis developed left axis deviation with associated right bundle-branch block postoperatively.
All of the I31 patients with tetralogy of Fallot developed right bundle-branch block after operation, but only I4 had left axis deviation.
Among these I4 patients, I2 (86%o) showed a superior frontal QRS loop postoperatively: 7 of these frontal loops were counterclockwise, i was clockwise, and 4 had a figure-ofeight pattern. All showed significant terminal slowing of the inscription of the loop (0o04 to o-o86 sec). Of the 7 patients with ventricular septal defects, 6 had significant terminal slowing as shown by the vectorcardiograms (0-026 to 0o076 sec) and i showed only preterminal slowing. Only 2 patients with ventricular septal defect demonstrated counterclockwise mostly superior loops. In the other 5 patients the loops were not predominantly superior.
A trivectorial analysis of the vectorcardiograms was undertaken to detect left axis deviation. From the frontal plane vectorcardiogram, the second (40 millisecond) vector was found to be of importance in determining left axis deviation regardless of the major QRS vector. Table 3 shows the trivectorial analysis of the patients with ventricular septal defect and shows the left superior orientation of the second vector.
The pre-and postoperative PR intervals were also measured. When compared with the preoperative electrocardiograms, the post- 
Discussion
The common mechanisms for the production of right bundle-branch block in surgical repair of ventricular septal defects are injury to the right bundle during the placement of bundle of His to lie in close proximity to the inferior margin of the defect was observed in the latter only. This increases the liability to heart block stemming from injury to the atrioventricular bundle during repair of tetralogy of Fallot (Fryda, Kaplan, and Helmsworth, I97I carry a grave prognosis in children. However, since the sudden onset of complete heart block is unpredictable in these patients, the long-term prognosis must be guarded (Kul- .bertus and Collignon, I969). This is exemplified by one of our patients (who will be reported elsewhere) who died suddenly ii years after operation for a ventricular septal defect.
This patient was not included in our present report since he had left axis deviation before operation. None of the patients in our study had known endocardial cushion defects. In this respect this study differs from the report of Kulbertus et al. (I969) who did include such patients. It is known that these patients are at a higher risk for the development of complete heart block after surgical repair of their defects. Perhaps the ultimate prognosis of our patients will not be determined until they reach the age at which sclerotic changes in the fibrous skeleton of the heart occur. It is not known whether surgically induced right bundle-branch block and associated left anterior hemiblock carry the same ominous outlook as in those patients in whom these changes have occurred secondary to idiopathic sclerotic alteration of the conduction system (Davies, i967) .
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